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Abstract 
The single crystal α-Al2O3 nano-powder was prepared by combustion chemical deposition. The crystal growth 
process was observed with TEM and SEM. The optimum technological condition was determined. The results 
showed that most of α-Al2O3 particles were hexagonal columnar and spherical. And a very small amount of particles 
were rhombohedra. The α-Al2O3 nano-powder with well- distribute particle size could be obtained under the 
conditions of high temperature, low reactant concentration, appropriate detention time and fast cooling. 
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1. Introduction 
Alumina ceramic has many outstanding performances, including high strength, high hardness, 
corrosion resistant, high temperature resistant, good insulation, etc.[1]. In recent years, it is widely used in 
cutting tools, wear-resisting tools, engine, heat insulation spares and various functional ceramics[2]. 
Usually industrial aluminum is called α-Al2O3[3]. The key to prepare for high performance alumina 
ceramic is to get narrow particle size distribution, well-distributed chemical composition and single 
scattered nanometer α-Al2O3 powder[4]. 
Nanometer alumina is a size of 1~100nm ultrafine particles with strong volume effect, quantum size 
effect, surface effect and macroscopic quantum tunneling effect. It possesses a series of excellent 
performances in optics, electricity, thermodynamics, chemical reaction, etc. Therefore it is widely used as 
fine ceramic materials, composite materials, fluorescent materials, wet sensitive sensors, infrared 
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absorption materials, etc.[5, 6] Since Gleiter made nanometer Al2O3  powder in the mid-1980s, people’s 
knowledge of this new material has increased progressively and many properties of nanometer Al2O3 
powder were found 
There exist many variants in artificially synthesized alumina in addition to α-Al2O3. The common are 
β-Al2O3 (hexagonal system), γ-Al2O3  (isometric system), η-Al2O3  (is ometric system), χ-Al2O3  (hexagonal 
system), κ-Al2O3  (trimetric system), δ-Al2O3  (trimetric system) and θ-Al2O3  (monoclinic system). All 
above are called intermediate phase at low temperature, they are in the thermodynamic instability. While 
α-Al2O3 is thermodynamic stable phase at high temperature[7] and its melting point is the highest (reach 
2050℃). Therefore it’s the most stable crystal phase[8, 9]. In the artificially synthetic process of alumina, 
it’s hard to avoid the existence of alumina variants and impurities[10]. Current preparation methods of 
nanometer alumina are mainly physical grinding method, mechanical chemical method, chemical vapor 
method, chemical pyrolysis method and wet chemistry method[11]. Most of particles used the above 
methods are wide particle size distribution, poor repeatability and high cost[12]. Therefore the preparation 
methods to control the crystal shape in order to produce high purity quotient, reunion α-Al2O3 has been 
expected goals. 
In this paper, the α-Al2O3 nanometer powder for structural ceramics is prepared by combustion 
chemical deposition. The microstructure, crystal morphology, out-of-phase and its deposition conditions 
of α-Al2O3  nanometer powder were analyzed and researched.  
2. Experiments 
2.1. Raw materials and instruments 
The initial liquid was composed of ceramics reactants, liquid fuel, solvents and additives. It was 
prepared by isoalcohol-aluminium solution which was dissolved into an inflammable dissolvent.  
HITACHI H-9000NAR high resolution electron microscopy, HITAACHI H-800 transmission electron 
microscope and HITACHI H-450 scanning electron microscope were used for micro-analysis of α-Al2O3  
nano-powder which was deposited by combustion chemical deposition. 
2.2. Test method 
The basic process of combustion chemical deposition is shown in Fig.1. The initial reaction liquid was 
abundantly atomized by combinatorial nozzle. After the mist of pulverization passed through 
oxyacetylene torch, the hot fluid of combustion chemical reaction was formed. The results of chemical 
reaction were the ceramic compounds which were deposited on the face of basal body (Ni-Al alloy) in 
front of flames. Other resultants or the compounds which didn’t take part in the reaction system, all left 
off the basal body surface as gaseity. This technique is the combustion chemical deposition. 
 
Fig. 1 The process of combustion chemical deposition 
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The key component of the equipment is the combinatorial nozzle of spray rod. The combinatorial 
nozzle is composed of shielding gas nozzle, oxyacetylene flame nozzle, pulverization nozzle and initial 
liquid nozzle. 
3. Results and Discussion 
3.1. TEM and electronic diffraction analysis 
       
 
       
Fig. 2 The high-resolution TEM photos of α-Al2O3 (a) bulky grain monocrystal; (b) rhombohedron simplicissimum; (c) spherical 
monocrystal; (d) platy monocrystal; (e) rhombohedral monocrystal; (f) spherical monocrystal 
The method by which combustion chemical deposition strictly controls the appearance of out phase is 
to control nucleation. The out phase is from the transition process of metastable phase, therefore, it’s 
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difficult to make actual description of transition process theoretically. To make sure all the metastable 
phases transform into α-Al2O3, the only method is plenty of technological experiments. To ensure the 
analytical accuracy of the regularity of grain shape and ultrafine nanocrystalline in the system, we should 
obtain samples from plenty of deposition experiments and analysis different sizes of single crystals when 
we analysis the crystal shape in the combustion chemical deposition system. 
 
     
 
                
Fig. 3 The electronic diffraction of α-Al2O3; (a) rhombohedron simplicissimum; (b) spherical monocrystal; (c) platy monocrystal; (d) 
rhombohedral monocrystal; (e) spherical monocrystal 
The appearance of bulky grain monocrystal (monocrystal diameter which was calculated by 
magnification times is 600nm) under high resolution transmission electron microscope is shown in Fig. 
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2a. Its appearance is granular (tympaniform), there are cross prismatic decorative design on the surface. 
Other shape of monocrystal (>500nm) was not discovered in the system. The rhombohedron 
simplicissimum (150~200nm)  is shown in Fig.2b, this kind of simplicissimum seldom exists in the 
combustion chemical deposition system, it’s typical trigonal system morphology, for a=b=c,α =β =γ
≠90º. The electron diffraction spots of this kind of monocrystal on the surface（0，-2，1）are shown in 
Fig.3a. α-Al2O3 spherical monocrystal (slightly axiolitic) of which diameter is 100nm is shown in Fig.2c. 
the degree of crystallinity is in good condition, there exists extinction contour on the surface of 
monocrystal under the electron beam. The electron diffraction spots of this kind of spherical monocrystal 
on the surface（4，5/6，-1）are shown in Fig.3b. 
In Fig.2d, it’s the defocus image (linerless) of the orthohexagonal columnar or platy monocrystal of α-
Al2O3 under high resolution transmission electron microscopy, its particle size is 25nm and its degree of 
crystallinity is in good condition. The electron diffraction spots of this particle on the surface（-10，1，
3）are shown in Fig.3c. In Fig.2e, it’s the defocus image of rhombohedral monocrystal under high 
resolution transmission electron microscopy, its particle size is 25nm and its degree of crystallinity is also 
in good condition. The electron diffraction spots of this monocrystal on the surface（-3，0，1）are 
shown in Fig.3d. In Fig.2f, it’s the focus image of the α-Al2O3 spherical monocrystal under high resolution 
transmission electron microscopy, its particle size is 20~30nm and its degree of crystallinity is in good 
condition. The electron diffraction spots on the surface（-10，1，3）in the central position of field 
coverage is shown in Fig.3e. 
Though plenty of samples analysis, big crystal gains (>500nm) are all drum type (columnar) 
monocrystallines in combustion chemical deposition system. The monocrystallines(<500nm) mainly 
contain three types: orthohexagonal columnar (or drum type), spherical and rhombohedral (parallel 
hexahedron) （a=b=c, α =β =γ ≠90º） . The α-Al2O3 powder（20~30nm）deposed by combustion 
chemical deposition is mainly composed of three kinds of crystal gains. The overwhelming majority are 
the former two types from the electron microscope, while the rhombohedral monocrystallines are seldom. 
3.2. Analysis of crystallization rules 
Ceramic crystal by combustion chemical deposition doesn’t possess strain energy, its surface energy 
decides crystal morphology. Based on the principle of the lowest close packing surface energy and the 
lowest total surface energy, the ligancy of O and Al decides that the close piling crystalline form is 
trigonal system morphology. The rhombohedral form by combustion chemical deposition is the basic 
simplicissimum in trigonal system, while the orthohexagonal column is equivalent to the combination 
composed of three rhombuses. 
Rhombus and orthohexagonal column both have two closest constructional surfaces, however, the 
proportion of the closest constructional surface area of rhombohedron to orthohexagonal column is 1/3, 
while that of closer constructional surface is 2/3. Therefore the surface energy of rhombohedron is a little 
more than that of orthohexagonal column and orthohexagonal column appears more stable. The 
appearance of rhombohedron may be related to face-centered cubic of Ni-Al crystal on the substrate, for 
the strong plane of orthohexagonal column and face-centered cubic of Ni-Al are semi-coherent interface, 
the disregistry of different lattice parameter increases interfacial energy. However, total interfacial energy 
is always in proportion to interfacial area, and the area of unit volume of rhombohedron is bigger than the 
area of unit volume of orthohexagonal column, therefore substrate interface of the system is propitious to 
the growth of rhombohedron. 
However, minimum Gibbs free energy in the system make the rhombohedron gradually transform to 
orthohexagonal column. In the growth system, unit volume of sphere area is minimum, it’s the lowest 
surface potential energy area. To form stable sphere monocrystal, the anisotropic growth of Al2O3 must be 
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transferred to isotropic growth and the transformation can only be realized by largish growth driving force, 
at this point, the combustion chemical deposition is obviously superior to vapor deposition. If the crystal 
growth is unlimited, according to the principle of minimum interfacial energy and the principle of Al2O3  
anisotropic growth, α-Al2O3 tend to multidimensional crystal structure which cause unit volume of surface 
tend to minimum. According to composition theorem of symmetry elements , the symmetry type of 
trigonal system is L33L23PC, to achieve the target of minimum surface energy in crystal growth, in the 
trigonal system which conforms to this kind of symmetry type such as hexagonal column, hexagonal 
bipyramid and rhombohedral simplicissimum, all of them can get together to become α-Al2O3  polyhedron 
combination, while the more monomers of this kind of aggressiveness, the smaller the surface area of unit 
volume of polyhedron.  
It can be inferred that the drum type α-Al2O3 was polymerized by hexagonal column a｛11 a 0｝, 
hexagonal bipyramid z｛22 4 1｝, n｛22 4 3｝, w｛11 2 1｝, w｛14·14· 28 ·3｝, rhombohedron r
｛1011｝and parallel sides c｛0001｝in trigonal system, its standard polymeric geometric solids are 
shown in Fig.4. Actually this kind of morphology is the most common α-Al2O3 morphology in the nature 
[3]. In Fig.2c, the form of axiolitic monocrystal obviously due to the drum shape crystals and isotropic 
growth. In Fig.2a, drum shape monocrystal without edges is also due to the isotropic growth.  
 
Fig. 4 The standard geometrical forms of monocrystal α-Al2O3 
         
Fig. 5 TEM photos of (a)cohesive α-Al2O3 powder and (b)decentralized α-Al2O3 powder 
A large number of experiments show that in order to get good quality of α-Al2O3 nano-powder, it must 
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be prepared in high temperature, low reactant concentration, proper detention time and rapid cooling 
conditions. All of the four key factors are very important, because they would have a significant effect on 
the quality of powder if any factor wasn’t controlled correctly. For the concentration of reactants, the best 
outflow quality of liquid per hour in nozzle spout is 4kg/h. Intensive parameter of oxygen-acetylene fire 
generally takes the ratio of oxygen-acetylene pressure as 7, the ratio of flow is 1.3, acetylene pressure is 
0.06 MPa, acetylene flow is 0.7 m3 / h. If the relative detention time is not well controlled, monocrystal 
distribution variance and cohesive α-Al2O3 powder will appear as shown in Fig.5a. Experiment shows that 
the key to prepare no cohesive α-Al2O3 powder is high temperature and rapid cooling. The decentralized α-
Al2O3 powder is shown in Fig.5b, particle size distribution still appear asymmetry without good cooling 
speed control. 
 
           
Fig. 6 SEM photos of surface morphology of α-Al2O3 nano-powder 
The surface morphologies of ideal α-Al2O3 nano-powder by combustion chemical deposition in the 
optimal operation condition are shown in Fig.6a and Fig.6b. Deposition also reacted on Ni-Al substrate. 
The powder which was observed in microcosmic field coverage is dendritic deposition which is different 
from fern-leaf crystal. In Fig.7a and 7b, they are the α-Al2O3 nano-powder morphology in different field 
coverage under transmission electron microscope. The microcosmic morphologies of α-Al2O3 nano-
powder show that α-Al2O3 nano-powder by combustion chemical deposition has the following features: 
well-distributed particle size, narrow distributed range, from 20 to 30nm particle granularity, spherical 
shape or hexagonal columnar, good dispersibility and the powder is not cohesive. 
4. Conclusions  
In the high temperature, low concentration of reactants, proper detention time and fast cooling 
technology condition, the morphology of α-Al2O3 nano-monocrystal by combustion chemical deposition 
are most spherical shape and orthohexagonal columnar, few are rhombohedral.  α-Al2O3 single crystal 
after unrestricted growth is the combination of different kinds of simplicissimum in trigonal system;  
particles is well-distributed in narrow range with the size of 20~30nm. 
1291Zengzhi Zhang et al. / Procedia Engineering 27 (2012) 1284 – 1291
8 Z. C. Chen, et al. / Procedia Engineering 00 (2011) 000–000 
           
Fig. 7 TEM photos of morphology of α-Al2O3 nano-powder in different field coverage 
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